A lumbar epidural catheter inserted in a 24-year-old woman for labour analgesia, and subsequently used for postcaesarean epidural analgesia, proved difficult to remove. After multiple attempts, the entrapped catheter was dislodged intact, revealing a knot near its distal tip. Knotting of an epidural catheter leading to entrapment is a rare complication of epidural catheterization.
The removal of an epidural catheter rarely poses any difficulty. Few anaesthetists have personal experience of dealing with the epidural catheter that cannot be extracted by gentle traction. When an epidural catheter does become entrapped, the cause and location of the fixation is seldom apparent and the best approach to its extraction without breakage cannot be determined from data from large prospective series. In the clinical experience of one of the authors (MP), several cases of difficult extraction have eventually resulted in successful removal, but in no case has a catheter complication been the apparent cause of difficulty.
CASE REPORT
A 24-year-old, 75 kg primigravid woman presented in early labour at 41 weeks and three days gestation. After six hours of labour she had progressed to full cervical dilatation and requested epidural analgesia. She had no significant past medical history, was on no medications and had no allergies.
An epidural catheter was inserted by a specialist anaesthetist using a midline approach at the L2/3 intervertebral space with the patient seated. A lossof-resistance-to-air technique with an 18 gauge Tuohy needle (Abbott Australasia Pty Ltd) was used. The epidural space was identified at the first attempt at a depth of 4.5 cm and 5 cm of a 20 gauge closed end nylon catheter with three lateral side-holes was in-serted uneventfully. The initial test and therapeutic dose of 0.125% bupivacaine 10 ml with fentanyl 5 µg/ml provided effective pain relief and there was no evidence of intravascular or subarachnoid catheter placement. A further bolus of the same solution was administered one hour later. After a further hour, vaginal examination indicated that there had been no progress of labour over the previous two hours and a deep transverse arrest of the fetus was diagnosed. A caesarean section was planned under epidural anaesthesia (2% lignocaine with adrenaline 1:200,000 15 ml plus fentanyl 100 µg in divided doses). Anaesthesia and surgery were uneventful and effective postoperative analgesia was achieved using patient-controlled epidural analgesia with pethidine for the first two postoperative days.
Fifty-two hours postoperatively the nursing staff attempted to remove the epidural catheter. It was easily withdrawn until the 5 cm mark became visible at the skin, at which point significant resistance was encountered. An anaesthetic registrar confirmed that the catheter was trapped and could not be withdrawn with firm traction. The catheter was left in situ and the next day, 12 hours later, a specialist anaesthetist attempted to remove the catheter. Despite placing the patient consecutively in a number of different positions, starting with the left lateral position with lumbar flexion, and followed by standing erect with sequential lumbar flexion, extension and lateral flexion to each side, these attempts proved futile. The catheter had withdrawn to the 4 cm mark at the skin exit but had also begun to stretch. Normal saline 5 ml was injected, confirming catheter patency but failing to aid removal. The decision was taken to leave the catheter and make a final attempt the next day prior to surgical consultation.
When visited the following day, now 94 hours since the insertion of the catheter, the patient complained of mild pain and local tenderness at the epidural site. Inspection showed an area of inflammation for 5 mm around the catheter exit site. The skin was swabbed for microbiological examination. Further attempts to remove the epidural catheter were made with the patient in the same positions as 24 hours previously. The catheter was finally successfully removed, without discomfort, using steady firm traction while the patient was standing with left lateral lumbar flexion. Examination of the catheter revealed a very tight single knot approximately 1 cm from the catheter tip, with marked stretching of the catheter proximal to the knot (Figures 1 and 2) .
At review the next day, the patient reported increasing back pain at the epidural site, which now showed about a 10 mm diameter area of inflammation with central purulence. Body temperature was 37.4°C and there were no abnormal neurological symptoms or signs. Microbiological results from the skin swab showed a moderate growth of Staphylococcus aureus, but no antibiotic sensitivity results were yet available. As is the policy in the hospital, intravenous flucloxacillin 2 g six hourly was commenced.
Thirty-six hours later the epidural site infection had resolved completely and the patient had no residual back pain, despite subsequent culture and sensitivity results of the initial skin swab indicating a multiple-resistant Staphylococcus aureus, resistant to flucloxacillin. The patient was discharged to complete the course of flucloxacillin orally. However, two days later she was readmitted to hospital for treatment of a Pfannensteil wound infection. Her epidural site remained free of inflammation and the wound infection was successfully treated with three days of intravenous clindamycin.
DISCUSSION
The incidence of knotting of an epidural catheter is unknown, but it appears to be a rare complication of epidural catheterization. The case described was the first at our hospital in over 21,000 epidural insertions audited since 1989. Bromage reported one case in over 30,000 epidural insertions at his institution 1 . There are 15 cases of knotted epidural catheters reported, 13 in the English literature. Eleven of these involved obstetric patients [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Three cases involved caudal, 11 lumbar and one a thoracic epidural catheter. Roentgenographic imaging of catheters in the epidural space shows that curling and bending occurs at shorter distances of insertion in the lumbar region than the thoracic region 13 . This, or selection bias, may account for the infrequency of reports of knotted thoracic catheters. In 11 of the 15 cases described, the knots occurred near the distal tip of the catheter.
Complications of catheter entrapment include breakage, haematoma formation and neurological deficit 11 . Various suggestions have been made to facilitate catheter removal. Gentle constant traction on the catheter in the position of epidural insertion has been recommended, because withdrawal forces during removal are lowest when the insertion and removal position are similar 14 . If this fails, as it did in our case, constant traction in varying postures can be tried and in the case of a knot may reduce its size sufficiently to permit extraction. Nylon catheters such as used in this case will stretch 30% of their original length and have tensile strength several-fold greater than the force normally required to remove an epidural catheter 15 . The passage of time may influence catheter movement and aid in subsequent removal of the catheter 8 .
If stretching of the catheter occurs during attempted removal, imaging of the catheter should be considered. This usually requires injection of contrast medium, because most catheters are not radioopaque, and will determine the course of the catheter within the vertebral canal and the potential site of entrapment. If radicular pain, paraesthesia or other neurological symptoms occur during attempted extraction, traction on the catheter should cease and a plain X-ray or computed tomography (CT) scan be performed 8, 16 . In one case this identified the location of catheter entrapment at a facet joint and assisted subsequent management 16 . We did not determine where the catheter was trapped, although because the depth of the epidural space was noted to lie at 4.5 cm from the skin, it seems likely this was within the ligamentum flavum or nearby. Injection of contrast media or passage of a guidewire down a nonradio-opaque catheter have also been suggested as aids to visualization and a guide to further management 10, 16 . Ultrasound imaging may confirm the level of the entrapped catheter but provides no other useful information.
Epidural catheters that cannot be extracted using these strategies may require removal under local or general anaesthesia via blunt dissection. One group of authors suggested that muscle relaxation under general anaesthesia had assisted removal 8 . Should the catheter break leaving a segment in the epidural space, a potential complication is delayed radicular pain 17 . The decision as to whether to extract a broken epidural catheter surgically will depend on factors such as the onset of symptoms, the site of the retained catheter and the inertness of its material. Detailed discussion with the patient is required and a neurosurgical opinion should be sought.
It is not known whether limiting the amount of catheter inserted into the epidural space prevents the formation of a knot. The optimal insertion distance of a multiorifice epidural catheter, in order to optimize analgesia while avoiding intravenous cannulation or replacement, is 5-6 cm 18, 19 . If the distance exceeds 4.5 cm in the lumbar epidural space, the catheter is more likely to deviate in direction, forming a bend or loop, and it is possible this may predispose to knot formation 13 . On this basis we recommend that, as a routine, no more than 5 cm of catheter is left within the epidural space. However, as described previously 4 , this case illustrates that a catheter may double back on itself even when only 4 to 5 cm remains within the epidural space. It was only after successful extraction that the presence of a knot as the cause of entrapment became evident.
Epidural site infection developed after the catheter had remained in situ for 94 hours. Epidural skin site infection rate increases after four days of postoperative catheterization 20 . Multiple attempts to remove the epidural catheter may have contributed to clinical infection, although epidural skin site inflammation occurs with an incidence of approximately 5% 20 . In retrospect it may have been prudent to make the final attempt at removal the day after the initial failure, however that course of action probably would have led to surgical intervention.
